The cross-cultural testing of scales represents an important step in the scale validation 2 process. The present study evaluated whether the eight-item short version of the recently 3 developed Food Disgust Scale (FDS-short) is a reliable and valid tool for measuring food 4 disgust sensitivity in ten countries: Australia, China, England, France, Germany, Mexico, 5
Introduction 23
For a long time, the scientific community paid little attention to the basic human 24 emotion of disgust. In fact, it is only in the last few decades that disgust has been subject to 25 an appreciable level of interest among researchers, with studies examining its functions as 26 well as its effects on various attitudes and behaviors starting to steadily emerge (Olatunji, 27 Sawchuk, Lohr, & de Jong, 2004; Tybur, Cinar, Karinen, & Perone, 2018). The impact of 28 disgust reaches from simple human avoidance behaviors such as food neophobia (Hartmann 29 & Siegrist, 2018), to highly complex social norms (e.g., social conversatism; Terrizzi, Shook, 30 & Ventis, 2012), and value systems (e.g., moral absolutism; Scott, Inbar, & Rozin, 2016) . 31
Nevertheless, the emotion of disgust and its impact on human behavior, particularly on food-32 related behavior, remains a relatively underexamined area (see Olatunji & Sawchuk, 2005) . 33
Therefore, the present study aimed to contribute to this now growing field of research by 34 testing the validity of a recently developed scale measuring food disgust sensitivity in ten 35 countries, namely Australia, China, England, France, Germany, Mexico, South Africa, Spain, 36
Sweden, and the USA. 37
Researchers have suggested that the function of disgust, as a basic human emotion 38 (Ekman, 1984 (Ekman, , 1999 , is to prevent people from coming into contact with infectious 39 organisms such as bacteria and viruses (Curtis, such as these have also been found to be universal disgust elicitors, evoking disgust in people 44 from various cultures (Curtis & Biran, 2001 ). However, the feelings evoked by other disgust 45 elicitors have been found to vary from culture to culture (Curtis & Biran, 2001) , and from 46 individual to individual (Haidt et al., 1994; . For example, the useCROSS-CULTURAL FDS-SHORT VALIDATION correlations between the FDS-short and having a sensitive stomach, experiencing 147 gastrointestinal complaints after eating animal-based foods (Egolf et al., 2018) , and the 148 perceived infection risk associated with food-borne diseases in one's country. Based on 149 previous research (Egolf et al., 2018; , we expected to find 150 positive correlations between the FDS-short score and these variables. 151
Given that gender differences in (food) disgust have been observed repeatedly (e.g., findings, we hypothesized that women exhibit higher food disgust sensitivity than men. 156 157
Method 158

Participants 159
An online survey was conducted in each of the ten countries of interest. The survey 160 participants were recruited by commercial providers of sampling services. Quota samples 161 were used in all the samples with the variables age (five age groups, with participants aged 20 162 -69 years), and gender (females comprised 50% of each age group). Participants who did not 163 complete the survey or whose total survey duration was less than half of the median duration 164 were excluded. The final sample comprised 6128 participants. Food disgust sensitivity. The eight-item short version of the Food Disgust Scale 170 covers eight different food disgust domains: animal flesh, poor hygiene, humandifferent situations, including foodstuffs (e.g., "To eat with dirty silverware in a restaurant" or 174 "To eat hard cheese from which mold was cut off"), to be on a 6-point rating scale ranging 175 from 1 (not disgusting at all) to 6 (extremely disgusting). The average scores were calculated 176 across the eight items. It is important to note here that the FDS-short was originally 177 developed and tested in German . We adapted some of the 178 English items published by Hartmann and Siegrist (2018) in order to increase 179 comprehensibility across cultures and to maintain consistency with the German version. The 180 following changes were made: "To put animal cartilage into my mouth" was changed to "To 181 put gristle into my mouth," while "There is a little snail in the salad that I wanted to eat" was 182 changed to "There is a little snail in the salad that I'm eating." The English translation was 183 used as a template for the translations into other languages (see Table S1 in the 184 supplementary materials). The translation process for the FDS-short and the other scales 185 included in the present study is comprehensively described in the supplementary materials. 186
Pathogen, sexual, and moral disgust sensitivity. These three domains were 187 measured using the Three Domain Disgust Scale (TDDS) by Tybur et al. (2009) . In that scale, 188 each disgust domain is measured using seven items. The pathogen disgust subscale includes 189 items such as "Sitting next to someone who has red sores on their arm" or "Standing close to 190 a person who has body odor." Sexual disgust is measured using items such as "A stranger of 191 the opposite sex intentionally rubbing your thigh in an elevator," while moral disgust is 192 measured using items such as "Deceiving a friend." The items are all rated according to the 193 level of disgust experienced on a rating scale ranging from 0 (not disgusting at all) to 6 194 (extremely disgusting). 195
Perceived Vulnerability to Disease scale by Duncan et al. (2009) . The subscale includes eight 197 items (e.g., "It really bothers me when people sneeze without covering their mouths") that are 198 rated on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). 199
However, the item "I avoid using public telephones because of the risk that I may catch 200 something from the previous user" was not included in the present study because public 201 telephones are less common nowadays due to the prevalence of mobile phones. 202
Food neophobia. The food neophobia scale by Pliner and Hobden (1992) includes 203 ten items, for example, "If I don't know what is in a food, I won't try it." The items are rated 204 according to the participant's level of agreement on a scale ranging from -3 (strongly 205 disagree) to 3 (strongly agree). The average scores were calculated with the items coded from 206 one (strongly disagree) to seven (strongly agree). 207
Digestive complaints and infection risk. The participants were also asked how high 208 they estimated the risk of infection associated with food-borne diseases to be in their country, 209 as well as whether they have a sensitive stomach. Both questions were rated on a slider scale 210 ranging from 0 (very low/not sensitive at all) to 100 (very high/very sensitive). The 211 participants were further asked how often they experience gastrointestinal symptoms after 212 consuming meat, fish, and milk, as suggested in the study by Egolf et al. (2018) . They were 213 instructed to disregard any food intolerances (e.g., lactose intolerance), food allergies (e.g., 214 peanut allergy), or stress-induced gastrointestinal complaints when giving their responses. 215
The response options included never (coded as 1), rarely (coded as 2), sometimes (coded as 216 3), often (coded as 4), always (coded as 5), and do not know (coded as a missing Preliminary analyses of the eight-item factor structure revealed that in half the tested 234 countries, the FDS-short did not reach the cut-off points for an acceptable model fit (data not 235 shown). An inspection of the modification indices revealed that in almost all the countries, 236 the hygiene item ("To eat with dirty silverware in a restaurant") was problematic. This 237 hygiene item (Item 2) exhibited error covariance with the item concerning living 238 contaminants (Item 8) in most of the countries (Australia, China, England, Germany, South 239 Africa, Spain, and the USA). Based on the content of both items, it seems reasonable to 240 assume that they are linked to each other by more general hygiene-related behavior. The 241 presence of a snail in a salad might be perceived to stem from improper food hygiene 242 practices (similar to the reason why dirty silverware is available in a restaurant). For example, 243 it is fairly common to find a snail in a salad if that salad has not been properly washed.
correlations between Item 1 (animal flesh) and Item 6 (fish), as well as between Item 5 246 (decaying fruit) and Item 7 (decaying vegetable), were adopted from the work by Hartmann 247 and Siegrist (2018) . The final tested model of the FDS-short is depicted in Figure 1 . 248 250 Fig. 1 . One-factor model of the FDS-short. The correlations of the error terms between e1 and 251 e6, as well as between e5 and e7, were adopted from the work by Hartmann and Siegrist 252 (2018). The correlations between e2 and e8 were introduced in the present study. 253 254
in which the invariance was tested for both the factor loadings (weak metric invariance) and 257 the intercepts (strong metric/scalar invariance) across the ten countries. Weak metric 258 invariance implies that the factorial loadings of individual items are similar across countries, 259 which means that one unit of change on the item scale in one group is equal to one unit of 260 change on the item scale in another group (Büchi, 2016) was compared with one reference sample so as to avoid making 45 comparisons. In our case, 268 the reference country was Australia, which was chosen due to the number of English-269 speaking countries included in the study being higher than the number of countries in which 270 other languages are spoken. Further, the CFA criteria exhibited a good fit for Australia. To 271 determine whether the one-factor structure of the model is invariant between the nine other 272 tested countries relative to Australia, a multiple group CFA was conducted. The multiple 273 group CFA parameter estimates were calculated using RStudio version 1.0.136 (RStudio,  274 Inc., Boston, MA). First, a test of configural invariance was conducted in which the factor 275 structure was specified and tested simultaneously in two countries. This baseline one-factor 276 model without any constraints was then compared to the model in which the factor loadings 277
were constrained so as to be equal (nested model) across the groups. A χ 2 difference test (i.e., 278 the likelihood ratio test) was used to test for weak metric invariance between the baselinemodel and the nested model. A significant χ 2 difference test indicates that the nested model 280 has lost its goodness of fit due to the imposed restrictions. Thus, the factor loadings are not 281 invariant across countries. In contrast, a non-significant χ 2 difference test indicates that the 282 factor loadings are invariant across countries. More importantly, any changes in the CFI and 283 the RMSEA were also considered when testing invariance in the present study because the χ in addition to the equal factor loadings, the item intercepts were constrained to be equal 290 across the groups. An χ 2 difference between the weak metric and the scalar model was tested 291 for significance. A non-significant χ 2 difference test indicates scalar invariance. Again, any 292 changes in the CFI and the RMSEA were also evaluated. 293 294
Correlational analyses 295
Corrected item-total correlations were assessed to determine whether each item in 296 every country was appropriate for differentiating between people with low food disgust 297 sensitivity and people with high food disgust sensitivity. Values greater than 0.20 were 298 considered acceptable (Kline, 2015) . Correlational analyses were also conducted to test the 299 relationships between the FDS-short score and the variables related to the construct validity 300 (i.e., pathogen disgust sensitivity, sexual disgust sensitivity, moral disgust sensitivity, food 301 neophobia, and germ aversion) and criterion validity (i.e., having a sensitive stomach and 302 gastrointestinal complaints, estimated infection risk associated with food-borne diseases) for 303 each country.
Results 306
Descriptive statistics and reliabilities 307
The means and standard deviations of the FDS-short for male and female participants 308 for each country are presented in Table 1 . The means and standard deviations of the 309 individual FDS-short items are given in Table S2 in the supplementary materials. The 310
Cronbach's α of the FDS-short depicted in Table 1 The mean values, standard deviations, and Cronbach's αs (only for the scales) for 318 pathogen disgust sensitivity, sexual disgust sensitivity, moral disgust sensitivity, food 319 neophobia, germ aversion, having a sensitive stomach, experiencing gastrointestinal 320 complaints, and the perceived infection risk are provided in the supplementary materials 321 (Table S3 ). Cronbach's αs for most scales ranged between .68 and .92; i.e. acceptable to 322 good. Cronbach's αs for the germ aversion scale were comparatively lower (.49 and .63) with 323 the lowest value (.49), observed in the Mexican data set. 2 Low reliabilities in relation to the germ aversion scale have also been observed in other studies (e.g., Gilles et al., 2013; . This scale consists of negatively and positively worded items, which often leads to lower reliabilities and/or item loadings on two factors despite the recoding of the negatively worded items (Weijters, Baumgartner, & Schillewaert, 2013). This was also the case for the germ aversion scale for some countries in the present study. Even though the reliabilities were found to be low, we observed the 
CFA of the one-factor model of the FDS-short 333
The results of the CFA can be found in the supplementary materials (Table S4 ). The 334 one-factor model of the FDS-short showed an acceptable to good model fit for almost all the 335 countries (Australia, England, France, Germany, Mexico, South Africa, Spain, and the USA) 336 based on both evaluation criteria (i.e., the RMSEA and CFI). In the case of Sweden, the CFI 337 indicated an acceptable fit (CFI = .90). Only in the case of China did the model not fit very 338 well based on both evaluation criteria (RMSEA = .12 and CFI = .88). 
Validity variables 357
As shown in Table 3 , the FDS-short was found to be significantly correlated with all 358 the measures of construct validity in almost all the countries. Only in France and Germany 359 was the gastrointestinal complaints score not significantly correlated with the FDS-short. 360
Across the countries, Pearson correlation coefficients with the FDS-short ranged from .50 361 to .63 in the case of pathogen disgust sensitivity, .25 to .43 for sexual disgust sensitivity, 14 362 to .31 for moral disgust sensitivity, .20 to .38 for food neophobia, .27 to .39 for germ 363 aversion .15 to .28 for having a sensitive stomach, .10 to .41 for perceived infection risk, 364
and .08 to .28 for experiencing gastrointestinal complaints after eating animal-based food.
The directions of the coefficients indicated that across the countries, people who exhibited 366 higher levels of food disgust sensitivity also exhibited higher levels of pathogen, sexual, and 367 moral disgust sensitivity, scored higher on the food neophobia and germ aversion scales, 368 perceived greater risk of food-borne diseases in their country, and were more likely to have a 369 sensitive stomach and experience gastrointestinal complaints (except in France and 370 Germany). 371 372 
Gender differences 381
As can be seen in Table 1 , the mean values of the FDS-short between the male and 382 female participants differed significantly for Australia, England, France, Germany, Mexico, 383 Spain, Sweden, and the USA. In all these countries, the female participants achieved higher 384 FDS-short scores than the male participants. There were, however, no significant gender 385 differences found in the cases of China and South Africa. 386 With regard to the FDS-short's convergent and discriminant validity, the data revealed 424 that in each country, the correlations between the adapted FDS-short and pathogen disgust 425 sensitivity were higher than the correlations between the FDS-short and food neophobia (as 426 well as all the other measures). This finding is in accordance with the results concerning the 427 convergent and discriminant validity of the FDS-short in relation to a Swiss sample 428 . Thus, the FDS-short's convergent (pathogen disgust sensitivity) 429 and discriminant (food neophobia) validity could be confirmed in each country. Moreover, inall the countries, the FDS-short score was found to be significantly correlated with sexual 431 disgust sensitivity, moral disgust sensitivity, and germ aversion, which further strengthens the 432 construct validity of the scale. The coefficients between the FDS-short and these three 433 measures were also found to be relatively similar across the countries in terms of the effect 434 sizes (Cohen, 1988) . For all the countries, an inspection of the correlation coefficients 435 between the FDS-short score and the three disgust scales revealed the strongest correlations 436 to exist with pathogen disgust sensitivity, followed by sexual disgust sensitivity. Moreover, 437 the weakest correlations were found to exist with moral disgust sensitivity, which indicates 438 that the kind of food disgust sensitivity measured by the FDS-short has a weaker relationship 439 with violations of moral-social behavior than with physiological threats. The FDS-short's 440 correlation with food neophobia confirmed its relationship with food aversion, which was 441 true for all the tested countries. Taken together, the correlation results support the FDS-short's 442
construct validity in all the tested countries. 443
In almost all the countries, the FDS-short was found to be positively correlated with 444 having a sensitive stomach and experiencing gastrointestinal complaints after eating animal- The present study also generated a novel finding, as we observed that compared to 460 individuals that scored lower on the FDS-short, people who with higher scores estimated the 461 risk of catching a food-borne disease in their country to be higher. This result again indicates 462 that food disgust is a pathogen-related mechanism, which is most likely intended to prevent 463 an organism from engaging in risky food-related behavior but also for her offspring and her mate. Thus, the findings of the present study involving the 500 FDS-short provide further evidence that women are more (food) disgust sensitive than men, 501 which seems to be fairly culture-unspecific. 502
The present study had some limitations. In China, the one-factor model did not seem 503 to fit very well. It is possible that some items of the FDS-short, as well as the term "disgust" (Barger, Nabi, & Hong, 2010) , have different meanings in China than in the other 505 investigated countries, as the Chinese language belongs to a completely different language 506 family (Sino-Tibetan) than the other languages (Indo-European) included in the present study. 507
Additionally, in China, the consumption of certain products mentioned in the FDS-short (e.g., 508 cheese) has only just started to become widespread (Zhang, Dagevos, He, van der Lans, & 509
Zhai, 2008). Despite the fact that most of the disgust elicitors included in the FDS-short seem 510 to be independent of culture (e.g., mold on food), the interaction with a specific food product 511 likely results in different experiences of disgust. Nevertheless, the correlations between the 512 FDS-short and the measures of both construct validity and criterion validity were comparable 513 between China and the other countries in the study, as were item-total correlations and 514
reliability. It appears that the FDS-short is not a unidimensional measurement scale in China. 515
Nevertheless, it can be used in cross-cultural research. On the other hand, a tool such as the 516 Food Disgust Picture Scale (FDPS; Ammann et al., 2018a), which seemingly measures the 517 food disgust sensitivity construct quite well in both China and Switzerland (Ammann, Egolf, 518
Hartmann, & Siegrist, in press) could help overcome this challenge. The FDPS could be used 519 to measure food disgust sensitivity in countries with strongly divergent languages, as it 520 largely circumvents text-based misinterpretations. 521
Finally, it should also be noted that compared to the English language, the meaning of 522 the term "disgust" in the French and German languages may be somewhat different. The 523
French word for disgust (dégoût) is closely associated with eating (Wierzbicka, 1986) and 524 revulsion (Russel, 1991) , while in English, disgust has several meanings related to revulsion, 525 anger (Haidt, Rozin, McCauley, & Imada, 1997; Nabi, 2002) , and feelings concerning moral 526 indignation (Russel, 1991) . In German, the word for disgust (Ekel) is also more closely tied to 527 feelings of revulsion than to feelings of anger. It might be that some items (e.g., "To eat with 528 dirty silverware in a restaurant") included in the FDS-short also elicit, at least to a certaindegree, feelings of anger. Hence, in the English-speaking countries, the participants' sense of 530 anger may have been included in their disgust rating, thereby leading to a slightly different 531 response when compared to the data from Germany and France. This might explain the 532 somewhat weaker support for the FDS-short's metric invariance found in Germany and 533
France (relative to Australia). To circumvent such differences, future cross-cultural studies 534
should consider further specifying the meaning of disgust in the instructions for the FDS-535 short provided in English-speaking countries, for example, "How disgusting (in terms of 536 being grossed out) do you perceive these situations/products to be?" 537
The validity testing scales used in the present study were primarily chosen because 538 they are well established in the literature as well as being linked to food disgust sensitivity 539 from a theoretical point of view. Previously published translations of these scales were used 540 where available. Of course, these scales have not been comprehensively validated in all the 541 countries included in the present study. In an ideal world, measurement scales would always 542 be cross-culturally validated; however, for various reasons, this is not always possible. Yet, to 543 ensure that the scales used in this study worked appropriately in the various cultural contexts, 544 the item-total correlations, internal consistencies, and factor structures were checked for 545
significant deviations from what would be expected based on the findings of earlier 546 publications. If inconsistencies or noteworthy aspects were identified, they were mentioned in 547 the manuscript (e.g., in relation to the germ aversion subscale). Nevertheless, we cannot 548 completely rule out the possibility that these occurred as a result of interpretations of certain 549 items between countries and cultures on the part of the study participants. However, the 550 correlations that we observed were as expected. Therefore, we concluded that the applied 551 scales were suitable tools for the purposes of the present study. 552 553
Conclusion 554
In order to evaluate the validity of the FDS-short in ten different countries, various 555 measures of its construct and criterion validity were considered in the present study. Our data 556 revealed higher correlations between the FDS-short and pathogen disgust sensitivity than 557 between the FDS-short and food neophobia, thereby confirming its construct validity by 558 means of its convergent and discriminant validity. Correlations between the FDS-short and 559 the other disgust scales (sexual and moral disgust sensitivity) further strengthened the idea 560 that the FDS-short is a measure of disgust sensitivity that is more closely related to 561 physiological risk protection than to moral indignation, which is in accordance with the 562 general understanding of the construct of food disgust sensitivity. Additionally, people from 563 different countries who scored higher on the FDS-short were found to be more likely to have 564 a sensitive stomach and to experience gastrointestinal complaints after eating animal-based 565 foods. They were also found to estimate the risk of catching a food-borne disease in their 566 country to be higher than those people who scored lower on the FDS-short. The criterion 567 validity of the FDS-short was thus confirmed. Finally, the data indicate acceptable reliability 568 and item-total correlations of the FDS-short in each country. Based on the overall findings of 569 this study, we believe that the FDS-short can be used to measure food disgust sensitivity in all 570 the investigated countries, despite the fact that the scale might not be unidimensional in 571 
